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1

SEMICONDUCTOR DIGITAL CIRCUIT, FIFO
BUFFER CIRCUI'T, AND DATA
TRANSFERRING METHOD

FIELD OF THE INVENTION

The present invention relates to a semiconductor digital

circuit, FIFO butler circuit, and data transferring method, and
particularly to a FIFO (First In First Out) buffer circuit that

performs data transier between two circuit areas having dii-
terent power supply voltages and operation clocks.

BACKGROUND OF THE INVENTION

In recent years, as the number of elements formed on one
chip of a semiconductor integrated circuit increases, the rise
in power consumption has become even a bigger issue. In
order to solve this problem, methods 1in which a circuit area 1s
defined for a circuit block that realizes each function, and then
the operation clock 1s stopped or 1s decreased the frequency
for each of the circuit area, and the power supply voltage 1s
lowered for each of the circuit area so as to reduce power
consumption during operation are proposed. In these meth-
ods, the power supply voltage and the operation clock fre-
quency might be different for each circuit area.

In general, a FIFO butler circuit 1s used to perform data
transier between areas having different operation clocks. For
instance, there 1s a method in which a buffer 1s disposed
across two operation clock areas, and the control circuit on
the write side of the butfer1s included 1n an input side area and
the control circuit on the read side of the buil

er 1s included 1n
an output side area (refer to Patent Document 1).

The atorementioned bulifer transfers data to the other area
using a synchronous circuit that uses D-FF (D-Flip-Flop)
circuits 1n two stages so that data transier between the clocks
of both the mput side area and the output side area 1s per-
formed accurately.

Various kinds of FIFO buftlfer circuits other than the one
described have been developed, and data transfer between
different operation clock areas 1s not unusual anymore.

Data transier using a conventional FIFO builer circuit 1s
performed as shown 1n FIG. 25. The FIFO butfer circuit 7
performs data transier between a logic area (A) 5 and a logic
arca (B) 6 operatmg at different operation clocks. Input data
are written by giving the input data that should be transferred

from the logic area (A) 5 to adata input 103 of the FIFO butfer

circuit 7 and validating a write enable signal 102.

The FIFO buttfer circuit 7 has a plurality of entries defined,
and when all the entries have valid data written to them and
are Tull, the FIFO builer circuit 7 informs the logic area (A) 5
that the entries are full by returning a full signal 107 to the
logic area (A) 5. When a piece of valid data 1s registered 1in the
FIFO butfer circuit 7, 1t informs the logic area (B) 6 of the
entry by invalidating an empty signal 106.

When a circuit 1 the logic area (B) 6 requests data by
validating a read request signal 104, the data 1s obtained from
a data output 105. Both an 1nput side area clock 100 and an
output side area clock 101 are supplied to the FIFO butfer
circuit 7, which transmits data without any loss by switching
the clock inside.

On the other hand, data transfer between areas operating at
different power supply voltages 1s generally performed by a
voltage level converting circuit. Data transfer between areas
having different power supply voltages and operation clock
frequencies can be achieved by having a FIFO butfer circuit

and a voltage level converting circuit 1n series as shown 1n
FIG. 26. In FIG. 26, the logic area (A) 3 has a power supply
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voltage of VDDI1 and operates at an operation clock 1fre-
quency of CLKI100 and the logic area (B) 6 has a power
supply voltage of VDD2 and operates at an operation clock
frequency of CLKO101.

When data transfer 1s performed between these areas, a
FIFO buffer circuit 7' temporarily synchronizes the clock of
the output side area to the clock of the mput side area and a
voltage level converting circuit 8 matches the voltage level to
VDD2. Then data 1s sent to the logic area (B) 6. The voltage
level converting circuit 8 matches the voltage levels of output
data 105' and an empty signal 106' of the FIFO butler circuit
7' to VDD2 and matches the voltage levels of the request
signal 104 and the output side area clock 101 to VDDI1.

In another method shown 1n FIG. 27, first the voltage level
converting circuit 8 matches the voltage levels of the data
input 103 and the write enable signal 102 from the logic area
(A) 5, and the mput side area clock 100 to VDD?2 and then a
FIFO buffer circuit 7' performs data transfer between the
areas operating at different clocks. The voltage level of the
tull signal from the FIFO bufler circuit 7" 1s matched to
VDDI1 by the voltage level converting circuit 8.

In the cases of the circuit configurations shown 1n FIGS. 26
and 27 where data transier between areas operating at differ-
ent clock frequency 1s performed by the FIFO butlfer circuit
and then voltage conversion 1s performed by the voltage level
converting circuit, a small circuit area such as an intermediate
area 3 having the power supply voltage VDDI1 and an opera-
tion clock 101", obtained by converting the voltage level of the
output side area clock 101, or an intermediate area 3' having
the power supply voltage VDD?2 and an operation clock 100",
obtained by converting the voltage level of the input side area
clock 100, 1s necessary between the voltage level converting
circuit and the FIFO butler circuait.

| Patent Document 1|

Japanese Patent Kokai
295819A (FIGS. 1 and 2)

The disclosure of Patent Document 1 1s incorporated 1n the
present document by reference thereto.

Publication No. JP-P2004-

SUMMARY OF THE DISCLOSUR.

(Ll

Problems to be Solved by the Invention

In the conventional FIFO buffer circuit described above,
when data are transierred from a first circuit area having a
combination of a first clock frequency and a first power sup-
ply voltage to a second circuit area having a combination of a
second clock frequency and a second power supply voltage,
since the voltage level conversion and the clock rate conver-
s10on are performed 1n two separate steps, a circuit area having,
a combination of the first clock frequency and the second
power supply voltage 1s necessary in the case where the
voltage level 1s converted first and a circuit area having a
combination of the first power supply voltage and the second
clock frequency 1s necessary 1n the case where the clock rate
1s converted first, creating a problem that a small intermediate
area having a different combination of the power supply
voltage and the clock frequency from the combinations of the
original two circuit areas has to be provided between the two
circuit areas.

In the layout design of an LSI (Large Scale Integrated
circuit), the power 1s normally supplied through a network of
power supply wiring formed 1n a circuit area having the same
power supply voltage and another power supply wiring 1s
formed 1n a circuit area having a different power supply
voltage. Meanwhile clock skew 1s reduced by supplying the
clock through a clock tree formed 1n a circuit area operating
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under the same clock. In the conventional FIFO butfer circuit,
however, 1t 1s difficult to define areas since positions of the
two boundaries of the power supply and the clock are differ-
ent. Because of the presence of the small intermediate area, 1t
1s difficult to design the layout of the circuits, counted for a
problem.

Further, in the conventional FIFO buftfer circuit, even when
this small intermediate area 1s treated as a circuit area, the
voltage level of the clock needs to be converted there. As a
result, the clock skew will increase, giving another problem to
the layout design.

It 1s an object of the present invention to solve the problems
described above, and provide a semiconductor digital circuit,
FIFO bufler circuit, and data transferring method that can
perform a voltage level conversion and a clock rate conver-
s10n at the same time 1n data transmission between two circuit
areas having different combinations of a power supply volt-
age and an operation clock frequency.

Means to Solve the Problems

In a first aspect of the present invention, there 1s provided a
semiconductor digital circuit that performs data transfer
between first and second circuit areas operating at different
power supply voltages and different operation clocks. The
semiconductor digital circuit 1s disposed on the boundary
between the first and second circuit areas and includes circuit
clements that perform interconversions between ditlerent sig-
nal voltage levels of the first and second circuit areas.

A semiconductor digital circuit according to a second
aspect of the present invention performs data transfer
between first and second circuit areas operating at different
power supply voltages and different operation clocks. The
circuit comprises: a plurality of data entry registers that hold
data; entry management flag circuits that manage the pres-
ence or absence of effective data in each of the plurality of the
data entry registers; a write entry management circuit that
specifles an entry to which data are written out of the data
entry registers; a read entry management circuit that specifies
an entry from which data are read out of the data entry regis-
ters; an output selector that selects one of contents in the data
entry registers according to an instruction from the read entry
management circuit and outputs the selected content; and
voltage level converting circuits that mutually convert signal
voltage levels of each of the first and second circuit areas; and
the voltage level converting circuits are respectively provided
between outputs of the data entry registers and inputs of the
output selector and 1nside the entry management flag circuits.

There 1s provided another semiconductor digital circuit
according to a third aspect of the present invention. The
circuit comprises an M number (where M 1s a positive integer)
of data entry registers that hold N-bit data (where N 1s a
positive integer); a write entry management circuit that speci-
fies an entry to which data are written among the data entry
registers; a read entry management circuit that specifies an
entry from which data are read out of the data entry registers;
an output selector that selects one of contents in the data entry
registers according to an instruction from the read entry man-
agement circuit and outputs the selected content; entry man-
agement tlag circuits for M entries that manage the presence
or absence of effective data in each of the data entry registers;
a full signal generating circuit that generates a full signal
indicating that the data entry registers are full from respective
outputs of the entry management tlag circuit; an empty signal
generating circuit that generates an empty signal indicating
that there 1s no effective data 1n the data entry registers from
cach output of the entry management flag circuit; and voltage
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level converting circuits that mutually convert a signal volt-
age level; and the voltage level converting circuits are respec-
tively provided between outputs of the data entry registers and
inputs ol the output selector and 1nside the entry management
flag circuits.

In a fourth aspect of the present invention, there 1s provided
a data transferring method used in a semiconductor digital
circuit that performs data transfer between first and second
circuit areas operating at different power supply voltages and
different operation clocks. The data transierring method 1s
performed within a semiconductor digital circuit, which 1s
disposed on the boundary between the first and second circuit
areas, and which performs data transfer and performs inter-
conversions between different signal voltage levels of the first
and second circuit areas.

A data transferring method according to a fifth aspect of the
present mvention 1s used 1n a semiconductor digital circuit
that performs data transfer between first and second circuit
areas operating at different power supply voltages and differ-
ent operation clocks; the semiconductor digital circuit 1s con-
stituted by a plurality of data entry registers that hold data,
entry management flag circuits that manage the presence or
absence of effective data 1n each of the plurality of the data
entry registers, a write entry management circuit that speci-
fles an entry to which data are written out of the data entry
registers, a read entry management circuit that specifies an
entry from which data are read out of the data entry registers,
an output selector that selects one of contents in the data entry
registers according to an instruction from the read entry man-
agement circuit and outputs the selected content, and voltage
level converting circuits that mutually convert a respective
signal voltage level of the first and second circuit areas; and
the voltage level converting circuits are respectively provided
between outputs of the data entry registers and inputs of the
output selector and inside the entry management flag circuits.

In another data transferring method according to a sixth
aspect of the present invention, the semiconductor digital
circuit 1s constituted by an M number (where M 1s a positive
integer) of data entry registers that hold N-bit data (where N
1s a positive integer), a write entry management circuit that
specifies an entry to which data are written out of the data
entry registers, a read entry management circuit that specifies
an entry from which data are read out of the data entry regis-
ters, an output selector that selects one of contents in the data
entry registers according to an instruction from the read entry
management circuit and outputs the selected content, entry
management flag circuits for M entries that manage the pres-
ence or absence of effective data i each of the data entry
registers, a full signal generating circuit that generates a full
signal indicating that the data entry registers are full from
cach output of the entry management flag circuit, an empty
signal generating circuit that generates an empty signal indi-
cating that there 1s no effective data in the data entry registers
from each output of the entry management flag circuit, and
voltage level converting circuits that mutually convert a sig-
nal voltage level; and the voltage level converting circuits are
respectively provided between outputs of the data entry reg-
isters and inputs of the output selector and 1nside the entry
management tlag circuits.

In other words, the semiconductor digital circuit of the
present invention makes 1t possible to transier data between
two circuit areas having different combinations of a power
supply voltage and an operation clock frequency by providing
voltage level converting circuits iside a FIFO butler circuit
that performs data transier between two circuit areas operat-
ing at different power supply voltages and operation clocks.
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Further, the semiconductor digital circuit of the present
invention 1s characterized in that the voltage level converting
circuits are respectively provided between outputs of the data
entry registers and inputs of the output selector and 1nside the
entry management flag circuits 1n the FIFO builer circuit.

Further, the semiconductor digital circuit of the present
invention 1s characterized in that, when the entry management
flag circuits of the FIFO bulfer circuit are constituted by
asynchronous RS-Flip-Flop (RS-FF) circuits or synchronous
RS-Flip-Flop circuits, the voltage level converting circuits
are provided at two locations of loop 1n the RS-FF circuits.

Further, the semiconductor digital circuit 1s characterized
in that, when the entry management flag circuits of the FIFO
butler circuit are constituted by asynchronous RS-Flip-Flop
circuits comprised of two NOR circuits, the interconversions
of the signal voltage levels are performed simultaneously by
constituting the NOR circuits with CVSL (Cascade Voltage
Switch Logic) circuits.

MERTITORIOUS EFFECTS OF THE INVENTION

As described above, 1n the semiconductor digital circuit of
the present invention, 1t 1s possible to provide the boundary
between areas operating at different power supply voltages at
the same place as the boundary between areas operating at
different clocks since the voltage level converting circuits are
built into the FIFO buller circuit, which becomes the bound-
ary between areas operating at different clocks. More specifi-
cally, the two kinds of boundaries can be perfectly matched by
building the voltage level converting circuits wherein the
entry management tlag circuits which include the boundary
between areas operating at different clocks.

Further, 1n the semiconductor digital circuit of the present
invention, since 1t 1s possible to match the boundary between
areas operating at different power supply voltages with the
boundary between areas operating at different clocks, the area
where a single clock tree 1s formed becomes the same as the
area where a single power supply network 1s formed 1n the
layout design of the integrated circuit, making the design
casy.

In other words, 1n the semiconductor digital circuit of the
present invention, a small intermediate area 1s not necessary
since the boundary between areas operating at different
power supply voltages and the boundary between areas oper-
ating at different clocks can be matched by building the volt-
age level converting circuits into asynchronous or synchro-
nous RS-FF circuits that manage entries by operating at the
both clocks and that become the operation clock boundary in
the FIFO bulfer circuit and positioning the boundary between
the areas operating at different power supply voltages at the
same place as the boundary between the areas operating at
different clocks.

Further, in the semiconductor digital circuit of the present
invention, since the small area having a combination of a
power supply voltage and a clock frequency different from
those of the two areas 1s not necessary, the power supply
wiring network and clock tree can be defined in the same
circuit area and the layout design can be done easily.

In the present invention, by having the configuration and
the operation as described above, in data transmission
between two circuit areas having different combinations of a
power supply voltage and an operation clock frequency, a
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voltage level conversion and a clock rate conversion can be
performed at the same place at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
semiconductor digital circuit according to a mode of the
present 1nvention.

FIG. 2 1s a block diagram showing the detailed configura-
tion of the FIFO bulfer circuit shown in FIG. 1.

FIG. 3 1s a drawing showing a configuration example of a
data entry register of a FIFO butfer circuit according to a first
example of the present invention.

FIG. 4 1s a drawing showing a configuration example of a
write entry management circuit of the FIFO bufler circuit
according to the first example of the present invention.

FIG. 5 1s a drawing showing a configuration example of a
read entry management circuit of the FIFO bufler circuit
according to the first example of the present invention.

FIG. 6 1s a drawing showing a configuration example of an
entry management flag circuit of the FIFO buflfer circuit
according to the first example of present invention.

FIG. 7 1s a ttiming chart describing the operation of the
entry 340 management tlag circuit 12 shown in FIG. 6.

FIG. 8 1s a drawing showing a configuration example ol the
pulse generator of the FIFO buiffer circuit according to the
first example of the present invention.

FIG. 9 1s a drawing showing a configuration example of a
voltage level converting circuit of the FIFO buflfer circuit
according to the first example of the present mnvention.

FIG. 10 1s a drawing showing a configuration example of a
full signal generating circuit of the FIFO buffer circuit
according to the first example of the present invention.

FIG. 11 1s a drawing showing a configuration example of
an empty signal generating circuit of the FIFO builfer circuit
according to the first example of the present invention.

FIG. 12 1s a drawing showing a configuration example of
the output selector of the FIFO bufler circuit according to the
first example of the present invention.

FIG. 13 1s a timing chart showing an operation example of
the FIFO butfer circuit according to the first example of the
present invention.

FIG. 14 1s a timing chart showing an operation example of
the FIFO bulfer circuit according to the first example of the
present invention.

FIG. 15 1s a drawing showing a configuration example of a
tull signal generating circuit of a FIFO butfer circuit accord-
ing to a second example of the present invention.

FIG. 16 1s a drawing showing a configuration example of
an empty signal generating circuit of the FIFO butfer circuit
according to the second example of the present invention.

FIG. 17 1s a drawing showing a configuration example of
the entry management flag circuit of the FIFO buifer circuit
according to the second example of the present invention.

FIG. 18 1s a drawing showing a circuit configuration
example when an output selector of the FIFO butfer circuit
according to a third example of the present invention 1s con-
stituted by a CVSL circuit.

FIG. 19 1s a drawing showing a configuration example of
an entry management flag circuit of an FIFO bulfer circuit
according to a fourth example of the present invention.

FIG. 20 1s a timing chart for explaining the operation of the
synchronous RS-FF circuit shown 1n FIG. 19.

FIG. 21 1s a drawing showing a configuration example of a
tull signal generating circuit of the FIFO bufler circuit
according to the fourth example of the present invention.
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FIG. 22 1s a drawing showing a configuration example of
an empty signal generating circuit of the FIFO bulfer circuit
according to the fourth example of the present invention.

FIG. 23 15 a timing chart showing an operation example of
the FIFO butfer circuit according to the fourth example of the
present invention.

FI1G. 24 1s a timing chart showing an operation example of
the FIFO bulfer circuit according to the fourth example of the
present invention.

FI1G. 25 1s a drawing for explaining a conventional FIFO
butfer circuit.

FIG. 26 1s a drawing for explaiming a method using the
conventional FIFO bufler circuit 1n which data transfer 1s
performed between areas operating at different power supply
voltages.

FIG. 27 1s a drawing for explaining another method in
which data transfer 1s performed between areas operating at
different power supply voltages in the conventional FIFO
bufler circuit.

EXPLANATIONS OF SYMBOLS

1: mnput side area

2: output side area

5: logic area (A)

6: logic area (B)

7: FIFO butler circuit

10: write entry management circuit

11a to 11d: data entry register

12a to 12d: entry management flag circuit
13: read entry management circuit

14: tull signal generating circuit

15: empty signal generating circuit

16: output selector

17a to 174: voltage level converting circuit
20: N-bit D-FF circuit

21: N-bit 4-1nput selector

22a to 22d: pulse generator

23a to 23¢: asynchronous RS-FF circuit
24: synchronous RS-FF circuit

25: delay element
50a to 50/

53a to 53:: AND circuit

51a to 515: NOR circuit

51": NOR circuit comprised of a CVSL circuit
52a to 52n: inverter circuit

54a to 54d: OR circuit

55: CVSL bufter/inverter circuit

56a to 56¢; XOR circuit

57a: XNOR circuit

70a to 70i: D-FF circuit with an enable terminal

T1a to 71r: D-FF circuit

90: pMOS transistor
91: nMOS transistor

PREFERRED MODES FOR CARRYING OU'T
THE INVENTION

Next, a mode of the present invention will be described
with reference to the drawings. FIG. 1 1s a block diagram
showing the configuration of a semiconductor digital circuit
according to a mode of the present invention. In the semicon-
ductor digital circuit according to the mode of the present
invention shown in FIG. 1, the need of the intermediate area
between an input side area 1 and an output area 2 1s eliminated
by connecting a logic area (A) 5 having a power supply
voltage of VDDI1 and operating at an input side area clock 100
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and a logic area (B) 6 having a power supply voltage o1 VDD2
and operating at an output side area clock 101 through a FIFO
(First In First Out) buffer circuit 7.

Data from the logic area (A) 5 are registered 1n the FIFO
butiler circuit 7 from a data mput 103 by a write enable signal
102. The FIFO butler circuit 7 has a plurality of entries that
hold data and data can be registered successively several
times. Once all the entries of the FIFO bulfer circuit 7 are full
of valid data, it informs the logic area (A) 5 that all the entries
are full of valid data by validating a tull signal 107.
Meanwhile, when valid data are registered in the FIFO
butler circuit 7 from the logic area (A) 5 on the input side, the
logic area (B) 1s notified that the valid data have been regis-
tered by the fact that an empty signal 106 1s invalidated. After
this signal has been recetved and a read request signal 104 has
been validated, the data are obtained from a data output 105 of
the FIFO buffer circuit 7. By this operation, data can be
transierred between the two circuit areas without losing any
data.

FIG. 2 1s a block diagram showing the detailed configura-
tion of the FIFO buiter circuit 7 shown in F1G. 1. In FIG. 2, the
FIFO buffer circuit 7 1s constituted by a plurality of data entry
registers (#0 to #3) 11a to 11d; a write entry management
circuit 10 that manages entries to which data are written; a
read entry management circuit 13 that manages entries from
which data are read; entry management flag circuits (#0 to #3)
12a to 124 that manage the presence or absence of valid data
in the respective data entries; a full signal generating circuit
14 that determines whether or not the entries are full from the
entry management flag circuits; an empty signal generating
circuit 15 that determines the absence of registered data from
the entry management flag circuits; an output selector 16 that
selects data that should currently be read from the output of
cach data entry register; and voltage level converting circuits
17a to 17d that convert the voltage levels of the outputs of the
data entry registers to the voltage levels of the output side.

Out of these, the write entry management circuit 10, the
data entry registers 11a to 114, and the full signal generating
circuit 14 are disposed 1n the input side area 1, and the read
entry management circuit 13, the empty signal generating
circuit 15, and the output selector 16 are disposed in the
output side area 2. The entry management flag circuits 12a to
124 and the voltage level converting circuits 17a to 174 are
disposed on the boundary between the input side area 1 and
the output side area 2. They transfer data between areas of
different clock frequency and voltage level.

The example shown in FI1G. 2 has four entries, however, the
number of the entries can easily be changed by changing the
number of the data entry registers 11a to 114 and the entry
management tlag circuits 12a to 124.

Next, the operation of the FIFO butfer circuit 7 shown 1n
FIG. 2 will be described. We’ll assume that there 1s no valid
data 1n any entry at first and that the write entry management
circuit 10 specifies the data entry register (#0) 11a as the next
entry to be written to.

After write data have been given to the data mmput (Data In)
103 and the write enable signal (W Enable) 102 has been
validated for one cycle of the mput side area clock 100, the
write entry management circuit 10 validates an entry write
signal 200a. Because of this, the value of the data input 1s
written to the data entry register (#0) 11q and the flag of the
entry management flag circuit (#0) 124 1s set. These opera-
tions are performed according to the timing of the input side
area clock.

The data entry register (#0) 11a gives the registered data to
the output 2014, has the voltage level converting circuit 17a
match the voltage level to that of the output side area 2, and
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supplies the result to the output selector 16. Further, the entry
management flag circuit (#0) 12a outputs a valid signal 2034
and 1nvalidates 1ts inverted signal 204a. The empty signal
generating circuit 135 that has validated the empty signal 106
in the mnitial state detects the fact that the inverted signal 204a
has been invalidated and mvalidates the empty signal 106. In
this state, it 1s possible for the logic circuit connected to the
output side to request data.

After recerving the read request signal (R Request) 104
from the output side, the read entry management circuit 13
gives an entry read signal 2024 to the entry management flag
circuit (#0) 12a. The read entry management circuit 13 gives
a selection signal 205 to the output selector 16 and has the
output selector 16 output a signal 206a, whose voltage level
has been converted, to the data output (Data Out) 105. The
request signal, the entry read signal, and the data output signal
are generated according to the output side area clock 101. A
piece of data can be transmitted between the two circuit areas
according to this sequence of operation.

When the write enable signal 102 for writing next data 1s
received, the value of the data input 103 1s written to the data
entry register (#1) 115 this time and the flag of the entry
management tlag circuit (#1) 125 1s set.

When data are sent one after another, these pieces of data
are sequentially written to the data entry register (#2) 11c, the
data entry register (#3) 114, and the data entry register (#0)
11a, and the flags of the entry management flag circuit (#2)
12¢, the entry management flag circuit (#3) 124, and the entry
management flag circuit (#0) 12q are set respectively. If no
data 1s read during this time, the full signal generating circuit
14 will validate a full signal 107 since all the valid signals
203a to 2034 are valid. If one piece of data 1s read and there
1s an empty entry, the tull signal 107 will be invalidated.

As described above, the FIFO buffer circuit according to
the mode of the present invention can perform data transier
between two circuit areas having different combinations of a
power supply voltage and an operation clock frequency by
having the voltage level converting circuits 17a to 174.

Further, in the FIFO butler circuit according to the mode of
the present invention, the voltage level converting circuits are
provided between the outputs of the data entry registers (#0 to
#3) 11a to 114 and the input of the output selector 16, and
inside the entry management flag circuits (#0 to #3) 12a to
124.

Further, in the FIFO butfer circuit according to the mode of
the present invention, when the entry management flag cir-
cuits (#0 to #3) 12a to 124 are constituted by asynchronous or
synchronous RS-FF (RS-Flip Flop) circuits, the voltage level
converting circuits are provided at two locations of the loops
of the RS-FF circuits.

Further, in the FIFO butler circuit according to the mode of
the present invention, when the entry management flag cir-
cuits are constituted by asynchronous RS-FF circuits com-
prised of two NOR (NOT-OR) circuits, the voltage level
conversions can be also performed simultaneously by consti-
tuting the NOR circuits with CVSL (Cascade Voltage Switch
Logic) circuits.

In the mode of the present invention, the boundary between
two different power supply voltage areas can be disposed at
the same place as the boundary between two different clock
areas since the voltage level converting circuits are built
inside the FIFO bulfer circuit, which 1s on the boundary
between the two different clock areas. More particularly, the
clock boundary 1s disposed inside of the entry management
flag circuits, and, thus the two boundaries can perfectly be
matched by placing the voltage level converting circuits
thereat.
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Further, 1n the mode of the present invention, since the
clock boundary and the power supply voltage boundary can
be matched by using the configuration of the FIFO builer
circuit described above, an area where a single clock tree 1s
formed and an area where a single network of power supply
wiring 1s formed coincide and 1t becomes easy to design the
layout of an integrated circuait.

In other words, a small intermediate area 1s not necessary in
the mode of the present invention since the boundary between
areas operating at different power supply voltages and the
boundary between areas operating at different clocks can be
matched by building the voltage level converting circuits into
asynchronous or synchronous RS-FF circuits that manage
entries by operating at the both clocks and that become the
operation clock boundary in the FIFO buffer circuit and by
positioning the boundary between the areas operating at dif-
terent power supply voltages at the same place as the bound-
ary between the areas operating at different clocks.

Further, 1n the mode of the present invention, since the
small area having a combination of a power supply voltage
and a clock frequency different from those of the power
supply voltage areas and the clock areas 1s not present, the
power supply wiring network and clock tree can be defined in
the same circuit area and the layout design can be done easily.

Example 1

FIG. 3 1s a drawing showing a configuration example of a
data entry register of a FIFO butfer circuit according to a first
example of the present invention. The configuration of the
FIFO bufler circuit according to the first example of the
present invention 1s the same as that of the FIFO butfer circuit
according to the mode of the present mvention shown 1in
FIGS. 1 and 2, and the first example of the present invention
will be described with reference to FIGS. 1 and 2 as well.

In FI1G. 3, the data entry register 11 (the data entry registers
11a to 114 1n FIG. 2) 1s constituted by disposing as many
D-FF circuits 70a with an enable terminal as the bit number.
The data mput 103 1s supplied to the iput of each D-FF
(D-Flip Flop) circuit 70a for each bit, and when D-FF circuit
70a receives an entry write signal 200, the data are written to
the D-FF circuit 70a. The written data appear at an output 201
at the next clock. The write timing 1s determined by the mnput
side area clock (CLKI) 100.

FIG. 4 1s a drawing showing a configuration example of a
write entry management circuit of the FIFO bufler circuit
according to the first example of the present invention. In FIG.
4, the write entry management circuit 10 1s constituted by as
many D-FF circuits 70f to 707 with enable terminals as the
number of the entries and AND circuits 50e to 50/2. D-FF
circuits 70/ to 707 with enable terminal of the same number of
entries are connected 1n a ring form.

In the 1mitial state, a write entry management tlag 300a of
an entry (#0) 1s set and the other write entry management flags
3006, 300¢, and 3004 are reset. This mnitial state 1s created by
a reset mechanism (not shown 1n FIG. 4).

Once the write enable signal 102 1s validated, an AND
operation of each entry and the management flag 1s performed
by the AND circuits 50¢e to 50/, only the management flag in
the set state and one entry write signal 200a obtained by the
AND operation 1s validated, and the set management tlag 1s
moved to the write entry management flag (3005) of the next
entry (#1). Every time the write enable signal 102 1s validated,
the set management flag 1s moved one by one from the write
entry management flag 300a to 300d. As a result, the entry
write signal (W0 to W3) [sic., WEO to WE3] outputted 1s

moved one by one from 200q to 2004.
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FIG. § 1s a drawing showing a configuration example of a
read entry management circuit of the FIFO bulfer circuit
according to the first example of the present invention. In FIG.
5, the read entry management circuit 13 1s constituted by as
many D-FF circuits 705 to 70e with enable terminal as the
number of the entries and AND circuits 50a to 50d. The D-FF
circuits 706 to 70e with enable terminal are connected 1n a
ring form.

In the 1n1tial state, the read entry management flag 301a of
the entry (#0) 1s set and all the other read entry management
flags 301b, 301c, and 3014 are reset. This 1nitial state 1s
created by a reset mechanism (not shown 1n FIG. 5).

Once the read request signal 104 1s validated, an AND
operation of each entry and the management flag 1s performed
by the AND circuits 50q to 504, only the management flag in
the set state and one entry read signal 202a obtained by the
AND operation 1s validated, and the set management flag 1s
moved to the read entry management tlag 3015 of the next
entry (#1).

Every time the read enable signal 104 1s validated, the set
management flag 1s moved one by one from the read entry
management tlag 301a to 301d. Further, the management flag
1s outputted as the selection signal (SEL) 205 to the output
selector 16.

FIG. 6 1s a drawing showing a configuration example of an
entry management flag circuit of the FIFO bufler circuit
according to the first example of present invention. In FIG. 6,
the entry management flag circuit 12 (the entry management
flag circuits 12a to 124 shown 1n FIG. 2) 1s constituted by
D-FF circuits 71e and 71f, pulse generators (PLs.) 226 and
22c¢, and an RS-FF circuit 235; and the RS-FF circuit 235 1s
constituted by NOR circuits 51a and 515, and mnverters 5256
and 52c.

The entry write signal (WE) 200 and the entry read signal
(RQ) 202 are held by the D-FF circuits 71e and 71f with the
input side area clock 100 and the output side area clock 101,
respectively, and they validate the outputs for a period of one
clock cycle. Receiving the validated outputs, the pulse gen-
erators 226 and 22¢ generate pulses and give them to either a
set signal 310 or reset signal 311 for the RS-FF circuit 235.

In the RS-FF circuit 2354, two NOR circuits S1a and 515 are
connected 1n a loop-like fashion and their respective output is
iverted by the mverter 525, 52¢. The resultant signals are
outputted as the valid signal 203 (the valid signals 203a to
2034 1n FIG. 2) and its inverted signal 204 (the inverted signal
204a to 2044 1n FI1G. 2). Two voltage level converting circuits
17¢ and 17f are provided in the loop of the NOR circuits Sla
and 515 1n the RS-DD circuit 235.

Since the iput side area 1, the upper half of FIG. 6, and the
output side area 2, the lower half, operate at different power
supply voltages, the voltage level of the signals need to be
converted. When the RS-FF circuit 1s configured as described
above, a part of the loop forming the RS-FF circuitis included
in the input side area 1 and operates at the power supply
voltage of the input side, and the remaining part of the loop 1s
included 1n the output side area 2 and operates at the power
supply voltage of the output side. At this time, the set terminal
310 of the RS-FF circuit belongs to the input side area and the
reset terminal 311 belongs to the output side area. Further,
cach area operates at a different clock, but there 1s no timing
1ssue since the RS-FF circuit 235 1s asynchronous.

FIG. 7 1s a ttming chart illustrating the operation of the
entry management flag circuit 12 shown in FIG. 6. In FIG. 7,
the cycle (period) of the input side area clock (CLKI) 100 1s
shorter than the cycle (period) of the output side area clock

(CLKO) 101.
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When the entry write signal (WE) 200 becomes valid at
timing 11, 1t 1s held by the D-FF circuit 71e and a pulse of one
clock cycle (period) duration appears 1n the output signal 314
of the D-FF circuit 71e at timing 12. When the pulse genera-
tor 225 detects the rising edge of this signal and generates a
pulse signal 310, the entry data valid signal 203 rises up via
the NOR circuit 51q and the inverter circuit 5256. Meanwhile
the inverted signal 204 of the entry data valid signal rises up
(turns down).

Next, when the entry read signal (RQ) 202 becomes valid
at the timing t1, 1t 1s held by the D-FF circuit 71/ and a pulse
of one clock cycle duration appears 1n the output signal 315 of
the D-FF circuit 71f at the next timing t2. When the pulse
generator 22¢ detects the rising edge of this signal and gen-
crates a pulse signal 311, the inverted signal 204 of the entry
data valid signal rises up (turns down) via the NOR circuit 515
and the mverter circuit 52¢, and the entry data valid signal 203
rises up.

The NOR circuit 51q and the NOR circuit 515 form a loop
via the voltage level converting circuits 17¢ and 17/, and
perform the operation of the asynchronous RS-FF circuit 2356
along with the inverter circuits 325 and 52¢. Since the entry
write signal 200 and the entry read signal 202 are the outputs
of the looped D-FF circuits with enable terminal in the write
entry management circuit 10 and the read entry management
circuit 13, they don’t become valid consecutively and the
internal signals 314 and 315 received by the pulse generators
22b and 22c¢ are always pulses of one clock cycle duration.
Further, since the iput signal of the RS-FF circuit 235 1s a
pulse signal, a maltunction will not occur even if the cycles
(period) of the mput side area clock 100 and the output side
area clock 101 differ greatly.

For mstance, 1f a pulse of one clock cycle duration such as
a cycle t2 of the internal signal 3135 be directly fed to the
RS-FF circuit 235, even when the circuit be set by the internal
signal 314 with a pulse of a cycle T7, after this pulse has
fallen, the circuit will be reset again since the pulse of the
internal signal 315 will still be valid. The first example of the
present ivention avoids this by using pulse signals as the
input.

FIG. 8 1s a drawing showing a configuration example of the
pulse generator of the FIFO butfer circuit according to the
first example of the present mnvention. In FIG. 8, the pulse
generator 1s constituted by a delay element 25, an inverter
52e, and an AND circuit 53i.

In the pulse generator, aifter an input signal has been
delayed by the delay element 25 and inverted by the mnverter
52¢, the AND circuit 53; performs an AND operation of the
resultant signal and the original signal. Since the input pulse
1s masked by a slightly delayed signal, a pulse occurs simul-
taneously with the rising edge.

FI1G. 9 1s a drawing showing a configuration example ofthe
voltage level converting circuit of the FIFO bufler circuit
according to the first example of the present invention. In FIG.
9, the voltage level converting circuit according to the first
example of the present invention uses a CVSL circuit and 1s
constituted by an 1inverter 52j and a CVSL bufler/inverter 55.

When the CVSL bulfer/inverter 55 recerves differential
signals at inputs made up of an nMOS transistor 91, 1t outputs
signals having the voltage level VDD2 from an output 321
and 1ts 1inverted output 322 with a help of a cross-connected
pMOS transistor 90. The mnverter 52/ 1s provided to generate
a complementary signal to the mput signal 320 having the
voltage level VDDI1. This voltage level converting circuit
outputs a high level signal from the output 321 and 1ts inverted
signal 322 at a low level respectively when the input 320 1s at
a high level.
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FIG. 10 1s a drawing showing a configuration example of a
tull signal generating circuit (the full signal generating circuit
14 shown 1n FI1G. 2) of the FIFO butfer circuit according to the
first example of the present invention. In FIG. 10, the tull
signal generating circuit 14 1s constituted by an AND circuit
53¢, an OR circuit 34¢, and D-FF circuits 71o and 71p. The
AND circuit 53¢ performs an AND operation of the valid
signals 203a to 2034 of each entry and immediately when all
the entry management flags become valid and full, 1t 1ssues a
tull signal 107 so that no more data are registered to the
entries.

Setting of the entry management flag(s) 1s performed when
data are registered to the entries. It1s an event synchronized to
the input side area clock 100. Further, since the full signal 107
1s also returned to the mput side area 1, the delay amounts of
all the signals on this path are determined 1n relation to the
input side area clock 100. Therefore, the full signal generating
circuit 14 can 1ssue the full signal 107 right away (within one
clock) without going through the D-FF circuit for synchroni-
zation.

On the other hand, since resetting of the entry management
flag 1s preformed by the read request signal 104 from the
output side area 2, the full signal 107 needs to be fallen down
via the two-staged D-FF circuits 710 and 71p, synchronizing
to the input side area clock 100. The OR circuit 54¢ performs
an OR operation of the output of the AND circuit 53¢ and the
output of the D-FF circuit 71p and generates the full signal

107.

FIG. 11 15 a drawing showing a configuration example of
an empty signal generating circuit (the empty signal generat-
ing circuit 15) of the FIFO butler circuit according to the first
example of the present invention. In FIG. 11, the empty signal
generating circuit 15 has the same configuration as that of the
tull signal generating circuit 14 1n FIG. 10 and 1s constituted
by an AND circuit 53a, an OR circuit 54a, and D-FF circuits
71a and 71b. As soon as all the entry management tlags are
reset (the inverted signal 204 of the valid signal rises up), the
empty signal generating circuit 15 1ssues an empty signal 106
because 1t 1s 1n an empty state.

Resetting of the entry management flag 1s performed when
data are read from the entries. It 1s an event synchronized to
the output side area clock 101. Further, since the empty signal
106 1s also returned to the output side area 2, the delay
amounts ol all the signals on this path are determined 1n
relation to the output side area clock 101. Therefore, the
empty signal generating circuit 15 can 1ssue the empty signal
106 right away (within one clock) without going through the
D-FF circuit for synchronization.

Onthe other hand, since the entry management flags are set
by the write enable signal 102 from the mput side area 1, the
empty signal 106 needs to be fallen down via the two-staged
D-FF circuits 71a and 715, synchronizing to the output side
area clock 101. The OR circuit 54a performs an OR operation
of the output of the AND circuit 53a and the output of the
D-FF circuit 7156 and generates the empty signal 106.

FIG. 12 1s a drawing showing a configuration example of
the output selector (the output selector 16 shown in FIG. 2) of
the FIFO bulfer circuit according to the first example of the
present invention. In FIG. 12, the output selector 16 1s con-
stituted by a selector 21 and a D-FF circuit 20.

The selector 21 has as many mputs (Data0 to Data3) 2064
to 2064 as the number of the entries, and when 1t receives the
selection signal 2035 from the read entry management circuit
13 as the control signal, 1t selects one piece of data. Data 302
selected by the selector 21 1s held by the D-FF circuit 20 and
outputted from a data output 105.
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FIGS. 13 and 14 are timing charts showing operation
examples of the FIFO bufler circuit according to the first
example of the present invention. The operation of the FIFO
builer circuit according to the first example of the present
invention will be described with reference to FIGS. 1 to 14.
FIG. 13 shows an example 1n which the cycle (period) of the
input side area clock 100 1s longer than that of the output side
area clock 101, and the data input 103 sequentially receives
data.

Data 1 are received at timing T0 and registered to the data
entry register (#0) 11a. As a result, the data 1 appear at the
data output 2014 at timing T1. Further, the entry management
flag circuit (#0) 12a 1s set and the valid signal 203a rises up.

Next, data 2 received at the timing T1 and registered to the
data entry register (#1) 11b. The data 2 appear at the data
output 2015 at timing T2 and a valid signal 2035 rises up.
Then, data 3 and data 4 are registered to the data entry register
(#2) 11c¢ and the data entry register (#3) 114, respectively.

Two clocks after the first valid signal 203a has been set 1n
the output side area clock 101, when the empty signal 106
becomes 1nvalid at timing t3, the logic circuit on the output
side 1ssues the read request signal 104. As a result, the read
entry management circuit 13 issues the entry read signal 202qa
at the timing t3 and the valid signal 203q falls at timing t4. At
the same time, the data 1 are read from the data entry register
(#0) 11a. Since the empty signal 1s still invalid, data can be
read continuously. The data 2 are read from the data entry
register (#1) 115 at timing t5 and the data 3 are read from the
data entry register (#2) 11¢ at timing t6.

Then, when data 5 1s read from the data entry register (#0)
11a at ttiming t8, data registration proceeds behind, causing
the empty signal 106 to become valid. Thus the read request
signal 104 falls and the read operation is stopped temporarily.
During this time, the write operation can continue to write
data and the read operation can resume when the empty signal
106 becomes 1invalid again at timing t11. Since the cycle of the
input side area clock 100 is longer 1n FIG. 13, the entries do
not get full during the operation described above.

FIG. 14 shows an example 1n which the cycle (period) of
the input side area clock 100 1s shorter than that of the output
side area clock 101. The data 1 are written at the timing T0 and
registered to the data entry register (#0) 11a. As a result, the
data 1 appear at the data output 201¢ at the timing T1. At the
same time, the entry management flag circuit (#0) 12a 1s set
and the valid signal 203a rises up.

On the output side, the empty signal 106 becomes invalid at
timing t2, two clocks after the above operation. Then, when
the logic circuit on the output side 1ssues the read request
signal 104, the read entry management circuit 13 1ssues the
entry read signal 202a and the entry management flag circuit
(#0) 12a 1s reset. Further, the data 1 1s read at the timing t3.

Data are continued to be written on the mnput side, however,
since the read speed 1s slow, the entries become full at timing
15, and the full signal 107 becomes valid. Then the write
enable signal 102 becomes 1nvalid. There appears an empty
entry at timing t4, however, 1n the iput side area 1, the tull
signal 107 becomes 1nvalid at timing T8, two clocks after
synchronizing, and the write operation 1s resumed. The read
operation continues and the empty signal 106 does not
become valid during this operation.

As described above, 1n the present example, a small 1nter-
mediate area does not appear since the boundary between
areas having diflerent power supply voltages and the bound-
ary between areas operating at different clocks can be
matched by incorporating the voltage level converting cir-
cuits 1mnto the asynchronous or synchronous RS-FF circuits
that manage entries by operating at the both clocks and that




US 7,821,850 B2

15

are the operation clock boundary in the FIFO butfer circuit
and by positioning the boundary between the areas having
different power supply voltages at the same place as the
boundary between the areas operating at different clocks.

Further, in the present example, since the small area having,
a combination of a power supply voltage and a clock fre-
quency different from those ol the power supply voltage areas
and the clock areas 1s not present, the power supply wiring
network and clock tree can be defined in the same circuit area
and the layout design can be done easily.

Example 2

FIG. 15 1s a drawing showing a configuration example of a
tull signal generating circuit of a FIFO bulfer circuit accord-
ing to a second example of the present invention. The con-
figuration of the FIFO butfer circuit according to the second
example of the present mvention 1s the same as that of the
FIFO butfer circuit according to the mode of the present
invention shown in FIGS. 1 and 2, and the second example of
the present mvention will be described with reference to
FIGS. 1 and 2. In FIG. 15, the full signal generating circuit 1s
constituted by an inverter 524, AND circuits 53g and 537, an
OR circuit 344, D-FF circuits 71g and 717, a pulse generator
22d, and an RS-FF circuit 23¢.

As evident by the timing chart shown in FIG. 14, for
instance, although the full signal 107 1s temporarily generated
within a clock cycle at timing T4, 1t 1s immediately cancelled
since the data of the entry #0 1s read. However, the timing of
the cancellation 1s created by the read request signal 104
supplied 1n synchronization with the output side area clock
101 and the timing of the falling edge of the full signal 107
and the timing of the rising edge of the 1nput side area clock
100 1s very close. As aresult, the setup may not be completed.

However, when the inverter 524 and the AND circuit 53/
detect the state 1n which the full signal 107 rises up (a state 1n
which a signal 351 locked to the input side area clock 100 1s
at a low level and an output 350 of the AND circuit 53¢ 1s at
a high level), the RS-FF circuit 23¢ 1s set and its clock indi-
cates that it 1s 1n a full state. Since the RS-FF circuit 23¢ 1s
reset every clock cycle synchronously to the rising edge of the
input side area clock 100, the full state 1s evaluated again at
the next clock cycle. In the present example, the timing error
of the tull signal 107 can be avoided by this mechanism.

FIG. 16 15 a drawing showing a configuration example of
an empty signal generating circuit of the FIFO buifer circuit
according to the second example of the present invention. In
FIG. 16, the empty signal generating circuit 1s constituted by
an inverter 52a, AND circuits 53¢ and 534, the OR circuit
54b, D-FF circuits 71c and 71d, a pulse generator 22a, and an
RS-FF circuit 23a.

As evident by the timing chart shown in FIG. 13, after the
empty signal 106 1s temporarily generated, it 1s cancelled
within the same clock cycle at timings t6 and t7, similarly to
the case of the tull signal 107. A timing error might occur
since the timing of the falling edge of the empty signal 106 1s
synchronized to the input side area clock 100. In order to
avoid this, the RS-FF circuit 23q 1s employed, as in the full
signal generating circuit shown 1n FIG. 15, so that the empty
state 15 maintained throughout the clock cycle in which the
empty signal 106 1s once generated.

Since the RS-FF circuit 23a 1s reset every clock cycle
synchronously to the rising edge of the output side area clock
101, the empty state 1s evaluated again at the next clock cycle.
In the present example, the timing error of the empty signal
106 can be avoided by this mechanism.
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Example 3

FIG. 17 1s a drawing showing a configuration example
when an RS-FF circuit 235 1n an entry management flag
circuit of an FIFO butler circuit according to a third example
of the present invention 1s constituted by CVSL circuits. The
configuration of the FIFO butlfer circuit according to the third
example of the present mnvention 1s the same as that of the
FIFO buffer circuit according to the mode of the present
invention shown 1n FIGS. 1 and 2, and the third example of the
present invention will be described with reference to FIGS. 1
and 2. In FIG. 17, the RS-FF circuit 235 1s constituted by two
loop-connected NOR circuits 51' comprised of CVSL cir-
cuits.

In the RS-FF circuit 235, a loop 1s formed by cross-con-
necting two NOR circuits 51' comprised of CVSL circuits.
One of the two NOR circuits 31' comprised of CVSL circuits
operates at the first power supply voltage VDDI1 and the other
operates at the second power supply voltage VDD2. Since the
CVSL circuits also perform voltage level conversion, the
operation of the RS-FF circuit and voltage level conversion
can be performed at the same time. Although the RS-FF
circuit 1s constituted by CVSL circuits, a part of the loop 1n the
RS-FF circuit operates at the power supply voltage VDD1 and
the remaining part operates at the power supply voltage
VDD?2. Further, a set terminal of the RS-FF circuit recetves a
signal having the level of VDD1 and a reset terminal recetves
a signal having the level of VDD2.

FIG. 18 1s a drawing showing a circuit configuration
example when an output selector of the FIFO buffer circuit
according to the third example of the present ivention 1s
constituted by a CVSL circuit. In FIG. 18, since the voltage
levels of the data 206 (the data 206qa to 2064 1n FIG. 2) fed to
the output selector 16 shown in FI1G. 2 have been converted by
the voltage level converting circuit 17 (the voltage level con-
verting circuit 17 shown 1n FIG. 2) in the present example,
these data can be simultaneously processed by the CVSL
circuit.

In FIG. 18, two nMOS transistors 91 are connected in
series and an output node 302 and 1ts complementary signal
node are pulled down. The transistor close to the output node
1s for selection and the selection signal 205 1s supplied to the
gate. Any one pair (of the two transistors) becomes conduc-
tive and reflects a single result from the four pieces of the data
0 to 3. In this case, one of the two nodes 1s pulled down,
outputting the result from an output 302.

Example 4

It 1s possible to constitute the FIFO buffer circuit of the
present invention using a synchronous RS-FF circuit as the
entry management tlag circuit. In this case, the configurations
of the write entry management circuit 10, the data entry
register 11 (11a to 11d), the read entry management circuit
13, the output selector 16, and the voltage level converting
circuit 17 (17a to 17f) are the same as the case described
above where the asynchronous RS-FF circuit 1s used. Only
the differences will be described below.

FIG. 19 1s a drawing showing a configuration example of
an entry management flag circuit (the entry management flag
circuits 12a to 124 shown 1n FIG. 2) of an FIFO butfer circuit
according to a fourth example of the present invention. The
configuration of the FIFO buffer circuit according to the
fourth example of the present invention 1s the same as that of
the mode ol the present invention shown in FIGS. 1 and 2, and
the fourth example of the present invention will be described
with reference to FIGS. 1 and 2.
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In FIG. 19, the entry management tlag circuit uses a syn-
chronous RS-FF circuit 24. The left half of FIG. 19 shows the

input side area 1 operating at the input side area clock (CLKI)

100 and the right half shows the output side area 2 operating
at the output side area clock (CLKO) 101.

The part of the synchronous RS-FF circuit 24 in the input

side area 1 1s constituted by XOR (exclusive OR) circuits 56a
and 56c¢, and D-FF circuits 71i, 71m, and 71». The part in the
output side area 2 1s constituted by an XOR circuit 565, an
XNOR (exclusive NOR) circuit 57a, and D-FF circuits 71/ to

71.. Further, voltage level converting circuits 17g and 17/ are
provided on the boundary between the part of the synchro-
nous RS-FF circuit 24 1n the input side area 1 and the part in
the output side area 2.

The entry write signal (WE) 200 1s supplied to one of two
terminals of the XOR circuit 564 and the output of the XOR
circuit 56q 1s fed back to the other terminal of the XOR circuit
56a via the D-FF circuit 71:. Every time the entry write signal
200 1s supplied, an output signal 331 of the D-FF circuit 71i 1s
inverted by this loop mechanism. Further, the output of the
D-FF circuit 71 1s connected to the XOR circuit 56¢, which
generates the valid signal 203. Further, the output of the D-FF
circuit 717 1s synchronized via the voltage level converting
circuit 17¢g and the two D-FF circuits 71; and 71 £ 1n the output
side area 2 and 1s connected to the XNOR circuit 57a. The
XNOR circuit 57a generates an 1nverted signal 204 obtained
by mverting a valid signal.

The entry read signal (RQ) 202 1s supplied to the XOR
circuit 5656 and 1ts output 1s fed back to the other terminal of
the XOR circuit 565 via the D-FF circuit 71/. Every time the
entry read signal 202 becomes valid, an output signal 335 of
the D-FF circuit 71/ 1s inverted by this loop mechanism. The
output of the D-FF circuit 71/, connected to the XNOR circuit
57a, 1s also transmitted to the input side area 1 via the voltage
level converting circuit 174, synchronized by the two D-FF
circuits 71m and 71n, and 1s connected to the XOR circuit
56¢. As a result, the valid signal 203 1s cancelled. This syn-
chronous RS-FF loop 1s constituted by the D-FF circuit 711,
the voltage level converting circuit 17¢g, the D-FF circuits 715
and 71k, the XNOR circuit 574, the D-FF circuit 71/, the
voltage level converting circuit 174, the D-FF circuit 71m and
71n, and the XOR circuit 56¢, and a part of 1t operates at the
power supply voltage of the mput side area 1 while the
remaining part operates at the power supply voltage of the
output side area 2. It does not form a complete loop as a

circuit, however, it forms a pseudo-loop, passing the infor-
mation through the XOR circuits and the XNOR circuit.

FI1G. 20 1s a timing chart for explaiming the operation of the
synchronous RS-FF circuit 24 shown 1n FIG. 19. The opera-
tion of the synchronous RS-FF circuit 24 will be described
with reference to FIGS. 19 and 20.

When the entry write signal 200 becomes valid at the
timing T1, the output signal 331 of the D-FF circuit 717 1s
inverted and becomes high level at the timing 12. Further, the
valid signal 203 1s set. When the signal reaches the output side
area 2 via the voltage level converting circuit 17g, after going
through the two D-FF circuits 717 and 714, the output signal
333 1s inverted and becomes high level at the timing t3. Then
the inverted signal 204 of the valid signal falls.

Next, when the entry read signal (RQ) 202 becomes valid
at the timing t4, the output signal 335 of the D-FF circuit 71/
1s mnverted and becomes high level at the timing t5. As a resullt,
the inverted signal 204 of the valid signal falls at the timing tS.
Meanwhile the outputs signal 335 reaches the input side area
1 via the voltage level converting circuit 174, and an output
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signal 337 of the D-FF circuits 71m and 71# 1s inverted and
becomes high level at the timing T8. Then, the valid signal
203 1s reset.

Further, when the entry write signal 200 becomes valid
again, the output signal 331 of the D-FF circuit 71i 1s inverted
at timing T10 and becomes low level this time. The valid
signal 203 1s set. The output signal 331 reaches the output side
area 2 and the mverted signal 204 of the valid signal becomes
low level at timing t9. When the entry read signal 202
becomes valid at timing t10, the output signal 335 of the D-FF
circuit 714 1s inverted at timing t11 and becomes low level.
Thenverted signal 204 of the valid signal rises up. The output
signal 335 reaches the input side area 1, the output signal 337
of the D-FF circuit 71 1s inverted at timing T16 and becomes
low level, and the valid signal 203 1s reset.

FIG. 21 1s a drawing showing a configuration example of a
tull signal generating circuit (the full signal generating circuit
14 shown in FI1G. 2) of the FIFO butfer circuit according to the
fourth example of the present invention. Referring to F1G. 21,
since the present example uses the synchronous RS-FF circuit
and the clock 1s synchronized within the entry management
flag circuit, the full signal generating circuit does not need a
synchronization mechanism and can be constituted merely by
a stmple AND circuit 33/

The tull signal generating circuit receives the valid signals
(Valid 0 to Valid 3) 2034 to 2034 from the entry management
flag circuit, has the AND circuit 53/ to perform an AND
operation of these signals, and outputs the result as the tull
signal 107.

FIG. 22 1s a drawing showing a configuration example of
an empty signal generating circuit (the empty signal generat-
ing circuit 15 shown i FIG. 2) of the FIFO buffer circuit
according to the fourth example of the present mvention.
Referring to FIG. 22, since the present example uses the
synchronous RS-FF circuit and the clock 1s synchronized
within the entry management tlag circuit, the empty signal
generating circuit does not need a synchronization mecha-
nism and can be constituted by a simple AND circuit 535, as
in the case of the full signal generating circuait.

The empty signal generating circuit receives the mnverted
signals (ValidB0 to ValidB3) 2044 to 2044 of the valid signals
from the entry management flag circuit, has the AND circuit
535 to perform an AND operation of these signals, and out-
puts the result as the empty signal 106.

FIGS. 23 and 24 are timing charts showing operation
examples of the FIFO butfer circuit according to the fourth
example of the present invention. The operation of the FIFO
buffer circuit according to the fourth example will be
described with reference to FIGS. 19 to 24. FI1G. 23 shows an
example 1n which the cycle (period) of the mput side area
clock 100 1s longer than that of the output side area clock 101.

When the write enable signal 102 becomes valid at the
timing T0 and the data 1 are about to be registered to the FIFO
butiler circuit, the data 1 are registered to the data entry reg-
ister (#0) 11a and appear at the output terminal 201a at the
timing T1. Further, the entry management flag circuit (#0)
12a 1s set and the valid signal 203a 1s set. Then the inverted
signal 204q of the valid signal falls at the timing t3 and the
empty signal 106 1s cancelled.

Meanwhile, when the empty signal 106 1s cancelled 1n the
logic circuit on the output side and the read request signal 104
becomes valid to read the data, the data 1 are obtained from
the data output 105 at the next timing t4. After the timing T1,
the data 2, 3, and 4 are registered to the data entry registers

#1) 1156, (#2) 11c, and (#3) 11d respectively.

Since the inverted signal 2045 of the valid signal of the

entry management flag circuit (#1) 125 falls at the timing t5,
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the empty signal 106 temporarily becomes valid at the timing,
t4 and becomes invalid again at the timing tS. Then, when the
read request signal 104 becomes valid, the data 2 can be read
at the next timing t6. Further, since the inverted signal 204¢ of

20

The invention claimed 1s:

1. A semiconductor digital circuit performing data transier
between first and second circuit areas operating at different
power supply voltages and different operation clocks,

the valid signal of the entry management flag circuit (#2) 12¢ 5 Wwherein

falls at the timing t6, the empty signal 106 continues to be
invalid and the data 3 can be read at the timing t7.

In the operation shown 1n FI1G. 23, since the clock cycle of
the mput side 1s longer than that of the output side, the entries
of the FIFO buifer circuit never gets full and the full signal
107 1s always invalid during this operation. As a result, data
can be written consecutively. On the output side, data can be
read by supplying the read request signal 104 while the empty
signal 106 1s 1nvalid.

FI1G. 24 shows an example 1n which the cycle of the input
side area clock 100 1s shorter than that of the output side area
clock 101.

When the write enable signal 102 becomes valid at the
timing 10 and the data 1 are written to the FIFO butfer circuait,
the data 1 are registered to the data entry register (#0) 11a and
appear at the output terminal 201q at the timing T1. At the
same time, the valid signal 2034 1s set. In the output side area
2, the 1nverted signal 204a of the valid signal falls at the
timing t2 and then the empty signal 106 becomes invalid. IT
the read request signal 104 1s supplied 1n this state, the data 1
can be obtained from the data output 105 at the next timing t3.

If the data 2, 3, and 4 are written consecutively at the
timings T2, T3, and T4, these data will be sequentially regis-
tered to the data entry registers (#1) 115, (#2) 11c¢, and (#3)
11d. The corresponding entry management flag circuits (#1)
1256, (#2) 12¢, and (#3) 12d are respectively set and the valid
signals 2035, 203¢, and 2034 become high level.

In the example shown 1n FIG. 24, since the read operation
1s slow, when this much data have been registered, the entries
get Tull and the tull signal 107 becomes valid. Here, the write
operation is suspended. Since the first data 1 are read at timing
16, an empty entry 1s created and the full signal 107 1s can-
celled, resuming the write operation. Since the clock cycle on
the output side 1s longer than that on the input side, the data
can be read continuously during this operation once the
empty signal 106 becomes invalid at the timing t2.

Generally, the RS-FF circuit uses a bistable circuit in a
loop. When the RS-FF circuit 1s applied to the entry manage-
ment of the FIFO butfer circuit, a part of the loop 1s 1n a circuit
area operating at the clock of the input side and the remaining
part 1s 1n a circuit area operating at the clock of the output side
area since the set operation 1s performed from the circuits 1n
the input side area 1 and the reset operation 1s performed from
the circuits 1n the output side area 2. Further, the set terminal
of the RS-FF circuit belongs to the mput side area 1 and the
reset terminal of the RS-FF circuit belongs to the output side
area 2 because of this configuration.

The boundary between areas operating at different power
supply voltages can be positioned at the same place as the
boundary between areas operating at different clocks by
inserting the voltage level converting circuits in this loop. In
the examples described above, only an example of the asyn-
chronous RS-FF circuit or the synchronous RS-FF circuit 1s
described, however, 1t 1s possible to position the boundary
between areas operating at ditferent power supply voltages at
the same place as the boundary between areas operating at
different clocks by using other configurations of the RS-FF
circuit and mserting the voltage level converting circuits so as
to divide the loop 1nto two.
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the semiconductor digital circuit 1s disposed on a boundary
between said first and second circuit areas, and

the circuit includes circuit elements that perform 1ntercon-
versions between different signal voltage levels of said
first and second circuit areas, the semiconductor digital
circuit comprising:

a plurality of data entry registers that hold data;

entry management flag circuits that manage the presence or
absence of effective data 1n each of said plurality of said
data entry registers;

a write entry management circuit that specifies an entry to
which data are written out of said data entry registers;

a read entry management circuit that specifies an entry
from which data are read out of said data entry registers;

an output selector that selects one of contents in the data
entry registers according to an instruction from said read

entry management circuit and outputs the selected con-
tent; and

voltage level converting circuits that mutually convert sig-
nal voltage levels of each of said first and second circuit
areas; and wherein

said voltage level converting circuits are respectively pro-
vided between outputs of said data entry registers and
inputs of said output selector, and 1nside said entry man-
agement flag circuits.

2. The semiconductor digital circuit as defined 1n claim 1,
wherein said plurality of data entry registers comprise M
number (where M 1s a positive integer) of data entry registers
that hold N bit data (where N 1s a positive integer); and the
semiconductor digital circuit further comprises entry man-
agement flag circuits for M entries, where M 1s a positive
integer, that manage the presence or absence of effective data
in each of said data entry registers; a full signal generating
circuit that generates a full signal indicating that said data
entry registers are full from respective outputs of said entry
management flag circuit; and an empty signal generating
circuit that generates an empty signal indicating that there 1s

no etti

ective data 1n said data entry registers from each output
of said entry management flag circuit.

3. The semiconductor digital circuit as defined 1n claim 2
wherein all of said data entry registers, said write entry man-
agement circuit, and said full signal generating circuit, and a
portion of said entry management flag circuits are defined as
a first circuit area operating at a first power supply voltage and
a first clock; and all of said read entry management circuit,
said empty signal generating circuit, and said output selector,
and the remainder of said entry management flag circuits are
defined as a second circuit area operating at a second power
supply voltage and a second clock.

4. The semiconductor digital circuit as defined 1n claim 3
wherein said entry management flag circuits are constituted
by either of asynchronous RS-Flip-Flop circuits or synchro-
nous RS-Flip-Flop circuits and said voltage level converting
circuits are provided at two locations 1n loops 1n said RS-Flip-
Flop circuats.

5. The semiconductor digital circuit as defined 1n claim 3
wherein said entry management flag circuits are constituted
by asynchronous RS-Flip-Flop circuits comprised of two
NOR circuits, and said voltage level conversions are per-
formed simultaneously by constituting said NOR circuits
with Cascade Voltage Switch Logic, CVSL circuits.
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6. The semiconductor digital circuit as defined 1n claim 3
wherein said entry management flag circuits are constituted
by asynchronous RS-Flip-Flop circuits, recerve an entry write
signal from said write entry management circuit at a set
terminal, and receive an entry read signal from said read entry
management circuit at a reset terminal.

7. The semiconductor digital circuit as defined 1n claim 6
wherein the boundary between said first circuit area and said
second circuit area 1s defined so as to divide two locations 1n
a loop 1n said asynchronous RS-Flip-Flop circuait.

8. The semiconductor digital circuit as defined 1n claim 7
wherein said voltage level converting circuit 1s disposed on
the boundary between said first circuit area and said second
circuit area of the loop 1n said asynchronous RS-Flip-Flop
circuit.

9. The semiconductor digital circuit as defined 1n claim 8
wherein said voltage level conversion 1s performed by con-
stituting said asynchronous RS-Flip-Flop circuit with two
NOR circuits and constituting said NOR circuits with Cas-
cade Voltage Switch Logic, CVSL circuits.

10. The semiconductor digital circuit as defined 1n claim 7
wherein the set terminal of said asynchronous RS-Flip-Flop
circuit 1s disposed 1n said first circuit area and the reset ter-
minal 1s disposed 1n said second circuit area.

11. The semiconductor digital circuit as defined 1n claim 3
wherein said voltage level conversion 1s performed by con-
stituting said output selector with a Cascade Voltage Switch
Logic, CVSL circuit.

12. The semiconductor digital circuit as defined in claim 3
wherein said entry management flag circuits are constituted
by synchronous RS-Flip-Flop circuits, receive an entry write
signal from said write entry management circuit at a set
terminal, and receive an entry read signal {from said read entry
management circuit at a reset terminal.

13. The semiconductor digital circuit as defined 1in claim 12
wherein the boundary between said first circuit area and said
second circuit area 1s defined so as to divide two locations 1n
a loop 1 said synchronous RS-Flip-Flop circuit constituting
said entry management flag circuit.

14. The semiconductor digital circuit as defined in claim 13
wherein said voltage level converting circuit 1s disposed on
the boundary between said first circuit area and said second
circuit area of the loop in said synchronous RS-Flip-Flop
circuit.

15. The semiconductor digital circuit as defined 1n claim 12
wherein the set terminal of said synchronous RS-Flip-Flop
circuit 1s disposed in said first circuit area, and the reset
terminal 1s disposed 1n said second circuit area.

16. A data transferring method, used 1n a semiconductor
digital circuit that performs data transier between first and
second circuit areas operating at different power supply volt-
ages and different operation clocks, the method comprising:

preparing the semiconductor digital circuit, disposed on a

boundary between said first and second circuit areas,
that performs data transter; and

performing interconversions between different signal volt-

age levels of said first and second circuit areas within the
semiconductor digital circuit, wherein

the semiconductor digital circuit 1s constituted by a plural-

ity ol data entry registers that hold data; entry manage-

ment tlag circuits that manage the presence or absence of
cifective data 1n each of said plurality of said data entry
registers; a write entry management circuit that specifies
an entry to which data are written out of said data entry
registers; a read entry management circuit that specifies
an entry from which data are read out of said data entry
registers; an output selector that selects one of contents
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in the data entry registers according to an instruction
from said read entry management circuit and outputs the
selected content; and voltage level converting circuits
that mutually convert signal voltage levels of each of
said first and second circuit areas; and

said voltage level converting circuits are respectively pro-
vided between outputs of said data entry registers and
inputs of said output selector, and 1side said entry man-
agement tlag circuits.

17. The data transferring method as defined 1n claim 16
wherein said plurality of said data entry registers includes
data entry registers, M i1n number where M 1s a positive
integer, that hold N-bit data where N 1s a positive integer; and

the semiconductor digital circuit further comprises:

entry management flag circuits for M entries that manage
the presence or absence of effective data 1n each of said
data entry registers;

a full signal generating circuit that generates a full signal
indicating that said data entry registers are full from
respective outputs of said entry management flag circuit;
and

an empty signal generating circuit that generates an empty
signal 1indicating that there 1s no effective data in said
data entry registers from each output of said entry man-
agement tlag circuit.

18. The data transferring method as defined in claim 17
wherein all of said data entry registers, said write entry man-
agement circuit, and said full signal generating circuit, and
portion of said entry management flag circuits are defined as
a first circuit area operating at a first power supply voltage and
a first clock; and all of said read entry management circuit,
said empty signal generating circuit, and said output selector,
and the remainder of said entry management flag circuits are
defined as a second circuit area operating at a second power
supply voltage and a second clock.

19. The data transferring method as defined 1n claim 18
wherein said entry management flag circuits are constituted
by either of asynchronous RS-Flip-Flop circuits or synchro-
nous RS-Flip-Flop circuits and said voltage level converting
circuits are provided at two locations 1n loops 1n said RS-Flip-
Flop circuits.

20. The data transferring method as defined in claim 18
wherein said entry management flag circuits are constituted
by asynchronous RS-Flip-Flop circuits comprised of two
NOR circuits, and said voltage level conversions are per-
formed simultaneously by constituting said NOR circuits
with Cascade Voltage Switch Logic, CVSL circuits.

21. The data transierring method as defined 1n claim 20
wherein said entry management flag circuits are constituted
by asynchronous RS-Flip-Flop circuits, recerve an entry write
signal from said write entry management circuit at a set
terminal, and receive an entry read signal {from said read entry
management circuit at a reset terminal.

22. The data transferring method as defined 1n claim 21
wherein the boundary between said first circuit area and said
second circuit area 1s defined so as to divide two locations 1n
a loop 1n said asynchronous RS-Flip-Flop circuit.

23. The data transferring method as defined 1n claim 22
wherein said voltage level converting circuit 1s disposed on
the boundary between said first circuit area and said second
circuit area of the loop 1n said asynchronous RS-Flip-Flop
circuit.

24. The data transferring method as defined 1n claim 23
wherein said voltage level conversion 1s performed by con-
stituting said asynchronous RS-Flip-Flop circuit with two
NOR circuits and constituting said NOR circuits with Cas-
cade Voltage Switch Logic, CVSL circuits.
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25. The data transferring method as defined in claim 22
wherein the set terminal of said asynchronous RS-Flip-Flop
circuit 1s disposed 1n said first circuit area and the reset ter-
minal 1s disposed 1n said second circuit area.

26. The data transferring method as defined in claim 18
wherein said voltage level conversion 1s performed by con-

stituting said output selector with a Cascade Voltage Switch
Logic, CVSL circuit.

27. The data transferring method as defined 1n claim 18

wherein said entry management flag circuits are constituted
by synchronous RS-Flip-Flop circuits, receive an entry write
signal from said write entry management circuit at a set
terminal, and receive an entry read signal from said read entry
management circuit at a reset terminal.
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28. The data transferring method as defined 1n claim 27
wherein the boundary between said first circuit area and said
second circuit area 1s defined so as to divide two locations 1n
a loop 1n said synchronous RS-Flip-Flop circuit constituting
said entry management flag circuit.

29. The data transierring method as defined 1n claim 28
wherein said voltage level converting circuit 1s disposed on
the boundary between said first circuit area and said second
circuit area of the loop in said synchronous RS-Flip-Flop
circuit.

30. The data transierring method as defined 1n claim 27
wherein the set terminal of said synchronous RS-Flip-Flop
circuit 1s disposed 1n said first circuit area and the reset ter-
minal 1s disposed 1n said second circuit area.
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